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A GENERAL PURPOSE 
WAVEMETER 

•ONE OF THE INDISPENSABLE 
TOOLS OF THE RADIO ENGINEER 

is the ordinary wavemeter. While precise 
frequency measurements are often neces¬ 
sary, there are many uses in the laboratory 
for an instrument that gives an answer 
within a few' per cent quickly and con¬ 
veniently. Among these are checking the 
frequency ranges of oscillator coils, setting 
and determining oscillator frequencies, and 
finding the frequencies of parasitic oscillations in r-f amplifiers For 
e\|>criineutal work the low accuracy of the wavemeter, as compared to 
precise crystal frequency standards, is more than offset by the s|ieed 
and convenience of 


measurement. 

The two inex¬ 
pensive, general- 
purpose wave- 
meters formerly 
carried in our cata¬ 
log (Type 574 and 
TVPB 358 have 

now In’cn replaced 
by a single instru¬ 
ment, Type 566-A, 
which combines, in 
an improved design, 
wide range, small 
size, good accuracy, 
and low price. 


Figure 1. View* of the Type 566-A Wavemeter 
showing how coils are stored when not in tine. 
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Figirk 2. View of the wavemeter dial showing 
the frequency ni’alw. The outer Beale in engraved 
in red, the other two in black. 


This new wavemeter is direct reading 
in frequency between 0.5 and 150 Mr. 
Only three frequency scales are used, as 
shown in Figure 2, although there are 
live plug-in coils. The outer scale is used 


FlGlKB 3. View of the TYPK 566- V \\ avenieter in 
use. The coil can he rotated to secure optimum 
coupling to the source whose frequency in being 
measured. 



with two coils, 0.5 to 1.6 Me and 5 to 16 
Me. The middle scale covers the ranges 
1.6 to 5 Me and 16 to 50 Me. The inside 
scale is used for the highest frequency 
coil, 50 to 150 Me. These scales are ac¬ 
curate to d=2/J Up to 16 Me. and to 
^=3% between 16 and 150 Me. 

The resonance indicator is an incan¬ 
descent lamp. With low-power oscil¬ 
lators the reaction of the wuvemeter on 
the oscillator tulie currents can In* ob¬ 
served. 

Figure 3 gives an idea of the size of the 
wavenieter. and shows one of the fea¬ 
tures, that all coils except the highest 
frequency one can In* rotated to secure 
the desired coupling. When not in use, 
coils arc stored in the rack on the side of 
the instrument, as shown in Figure I. 

The slow-motion drive provided on 
the dial makes |N>ssihlc a line adjust¬ 
ment of the condenser. The condenser 
itself is similar in construction to the 
Type 568, but has a longer stack. Fig¬ 
ure 4 is an inside view of the instru¬ 
ment showing this condenser. 

Four of the coils are wound on phe¬ 
nolic forms which enclose and protect the 
winding. The highest frequency coil, as 
shown at the left in Figure 3, is a 
straight bar. 

Tlic small size, accuracy, and low 
price of this wavemeter make it a par¬ 
ticularly desirable instrument for the 
radio laboratory. Because all our facil¬ 
ities are devoted to war projects, this 
instrument is, at present, available only 
for war work. E. KaupllS 


SPECIFICATIONS 

Frequency Range: 0.5 to 150 Me (600 to 2 
meters) lining the five plug-in inductor* fur¬ 
nished with the instrument. The eon dr liner dial 
in direct reading in frequency. The precision 
with which the dial eau he read in 2', or better. 

Accuracy: The accuracy of dial indication in 
i2 ( f, 0.5 to 16 Me; and rfc3 f «♦ 16 to 150 Me. 
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Accessories 

lump*. 


Figure 4. Interior view of tlir* 
Type 566-A Wavemeter, show¬ 
ing the construction of rhc con¬ 
denser. 


Supplied : Two spare indicator 



0 


Dimensions: I'i x 5 J#x inches,over-all. 
N el Weight: 3 pounds. 


Type Code If uni l*rice 

">M>- \ J Wavemeter . | WAGON $45.00 


MEASURING BALANCED IMPEDANCES 
WITH THE R-F BRIDGE 


INTRODUCTION 

• BECAUSE OF THE SPECIAL¬ 
IZED NATURE OF BALANCED 
IMPEDANCES, equipment for their 
measurement lias not received as much 
attention as has equipment for the 
measurement of impedances with one 
side grounded, and it is not as generally 
available. Consequently, the problem of 
measuring balanced impedances with 
equipment for measuring grounded im¬ 
pedances is often encountered. Measure¬ 


Ficurk I. Equivalent circuit of a halam-cd 
line. 



ments at radio frequencies of open-wire 
transmission lines and dipole antennas 
probably present the most common ex¬ 
amples. Two methods by which these 
measurements can be accomplished ate 
described here because of their partic¬ 
ular usefulness with the Type 916-A and 
Type 516-C Radio-Frequency Bridges, 
and the Type 821-A Twin-T Impedance 
Measuring Circuit. 


METHOD I 

The first method 1 is similar to the 
well-known method of measuring the in¬ 
terelectrode capacitance of a triode by 
three capacitance measurements. The 
input impedance of the line is repre¬ 
sented by the equivalent circuit of Fig- 
tire I. The measurement procedure is as 
follows: 

(I) Short-circuit impedance Zi by 
grounding line I at point of measure¬ 
ment, and measure impedance from line 
B to ground. Call the measured value Z'. 

*D. B. Sinclair. "Impedance Measurements on Broad¬ 
cast Antennas,” Part II. (.uni/niiriiru/ion*; July. 1939. 
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Kii:i kk 2. Circuit diagram of auxiliary network. 


Z' = 


// 

Zi + Z* 


( 1 ) 


(2) Short-circuit impedance Z» by 
connecting line A to line If ut point of 
measurement, and measure impedance 
from the junction to ground. Call the 
measured value Z". 


Z" 


z 3 z, 

Z 3 -j- Z\ 


( 2 ) 


(3) Short-circuit impedance Z 3 by 
grounding line li at point of measure¬ 
ment, and measure impedance of line A 
to ground. Call the measured value Z'". 


Z 1 Z 2 


(3) 


(Combining Equations (1), (2), and (3) 
gives: 

- 2Z'Z"Z"' 

1 — _ ynytn yntyi 

9 


-I + i + _L (*) 

Z' Z" Z'" 


FlGURB 3. Optional equivalent circuit of balanced 
line for balanced excitation voltage*. 



z. 


2Z'Z"Z"' 

Z'Z'' + Z"Z'" - Z'"Z' 

2 ^ 

1 1 , T (S) 

/' Z" + Z'" 


2 Z'Z'Z"' 

/ / / /"' + Z"'Z' 


I , i_L «*) 

Z' ' yf" yj<* 


Equations (4), (5), and (6) give each 
component of impedance, from which 
both the line impedance Z AB and the 
unbalance can In* found. 

When the line is truly balanced, 
Z, = Z 3 , Z' = Z"\ and 

Z x = Z 3 = 2Z" (4a) 


Z 2 = 


Z^a = 


2 Z'Z" 
2Z" - Z' 


2Z.Z- 


1 


1 1 

Z' 2Z" 
4Z'Z" 


r (3a) 


2Zi + Z 2 4Z" - Z' 


(7) 


'Phis method, w hile highly accurate, is 
rather lime consuming ami is most useful 
when unbalance of the line is of particu¬ 
lar importance. 


METHOD II 

A more rapid and direct method, sug¬ 
gested by Mr. John F. Byrne of Harvard 
University, is very useful when line bal¬ 
ance is reasonably well maintained. It 
requires the use of the auxiliary net¬ 
work of Figure 2, w hich is a lumped- 
circuit single-frequency equivalent of a 
half-wave transmission line. 

The open-circuit output voltage ap- 
|tearing across |>oints 3 and 4 is equal in 
magnitude and 180° out of phase with 
the input voltage across points 1 and 2. 
The short-circuit inqtedance looking 
back from points 3 and 4 is zero. 
Thevenin’s theorem therefore shows 
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that, whatever the loading, the voltages 
between points 1 and 2 and between 
|M>ints 3 and 4 will be equal and 180° 
out of phase. 

A balanced line connected between 
|H>ints 1 and 3 will, as a consequence, lie 
excited with balanced voltages. I nder 
this condition, the equivalent circuit of 
Figure 1 can Ik* redrawn as shown in 
Figure 3 with the niid|>oint of the archi¬ 
trave impedance grounded. 

When a balanced line is connected lie- 
tween terminals 1 ami 3, it is therefore 
equivalent to connecting an impedance 
equal to Z\ in parallel with Za/2 across 
the input terminals 1 and 2, and another 
identical impedance across the output 
terminals 3 and 4. Since the network 
simulates a half-wave line, the input im¬ 
pedance is equal to the terminating im¬ 
pedance. The effective input impedance, 
Z. is therefore 

1 ZiZ 3 /2 

' 2Z. + Zj/2 

= \ 2ZiZ» = Zab (8) 
4 2Zi -F Z, 4 

The ex|H*rimental procedure in ad¬ 
justing the circuit of Figure 2 is very 
simple. The two coils, L\ ami L-, should 
be identical and should have a reactance. 


at the o|KTating frequency of the same 
order of magnitude as the inqiedance to 
lie measured. The variable condensers, 
Ci and C 2 , should he of such size that 
their reactance can lie set to half the 
coil reactances. The output terminals, 3 
and 4, are first short-circuited and con¬ 
denser Ci adjusted to series resonance. 
This condition can be found by observ¬ 
ing the input impedance on the bridge 
and setting to zero reactance. The out¬ 
put terminals are then open-circuited 
and condenser C% adjusted to parallel 
resonance. This is most easily observed 
by balancing the bridge with a capaci¬ 
tance across the UNKNOWN terminals 
and adjusting to make the change in re¬ 
actance setting zero when the input im¬ 
pedance is connected in parallel. Losses 
in the condensers and coils used in the 
network will cause a small measurement 
error. By projier choice of circuit ele¬ 
ments, however, these can ordinarily be 
made negligible. Substantial unbalance 
of the line will also cause error. When¬ 
ever suspicion arises that errors from 
these causes are significant, a measure¬ 
ment by Method I can be used for veri¬ 
fication. — D. B. Sinclair 


TAKING THE PULSE 
OF TURBINES 

•AN EXCELLENT ILLUSTRA- 
TION of the ever-increasing utility of 
electronic technique ami equipment in 
the field of mechanical research is the 
method used by General Klectric en¬ 
gineers for the study of vibration of 
high-sjieed-turbine buckets. 


Ficctti!. 1. Type 713-B Beat-Frequency Oscilla¬ 
tor mounted in a*h«*mtily with pow'er amplifier. 
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Figure 2. The oscillator supplies power to vibrate 
the turbine buckets through a power amplifier 
and an electro-mechanical transducer shown 
above. 


Figure 3 (above). Engineers move the crystal 
pickup along the bucket tips. The pickup output 
is fed to the cathode-ray oscillograph shown 
below. 


One of the problems confronting the 
designers of turbine wheels is that of ob¬ 
taining a quantitative knowledge of the 
frequency and amplitude of resonant or 
other vibrations set up in the wheels, 
particularly in the buckets at the periph¬ 
ery (which may travel at speeds ap¬ 
proaching a thousand miles per hour). 

In wheels designed for the high speeds 
prevalent in modern practice, the vibra¬ 
tions that occur are likely to be of high 
frequency ami relatively small ampli¬ 
tude. Conventional mechanical means of 
reproducing and studying these con¬ 
ditions. while satisfactory with the 
larger structures and lower frequencies 
common at lower speeds, become prac¬ 
tically useless. In the flexibility and 
versatility of modern electronic prac¬ 
tice, however, a satisfactory solution has 
been found. 

The buckets are vibrated by means of 
an electro-mechanical transducer, driven 
by a 1000-watt amplifier. A General ^ 
Radio Type 713-B Beat-Frequency Os¬ 
cillator was selected to drive the power 
amplifier. The relatively high-power out¬ 
put (1 watt), the low distortion, and the 
fine frequency control of the Type 713-B 
make it particularly suitable for this 
application. With the oscillator and 
power amplifier, the buckets can he 
driven at any frequency in the range 
from 30 cycles to 20,000 cycles.* 

The resulting vibration of the driven 
buckets is picked up by a piezo-electric 
vibration pickup applied to the bucket 
tips, and applied to an amplifier feeding 
a cathode-ray oscillograph. The vibra¬ 
tions. amplified in magnitude approxi¬ 
mately 100,000 times, can then conven¬ 
iently l>e observed and measured. The 
resulting information assists in the de¬ 
sign of wheels that are free from de¬ 
structive resonances at normal speeds. 

*Thc rangf of the Tvpk 713-B is 20 cycles to M.OOO 
cycles, the |»ower amplifier and driving system limiting the 
range to thut given above. 




Figure -1 (Mow). Points of peak vibration are 
noted on the oscillograph as the pickup is moved 
along the buckets. 
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DISCONTINUED 

•IN ORDER TO PRODUCE 
CRITICAL WAR GOODS at max- 
imuin efficiency, it is necessary for the 
manufacturer of specialties to eliminate 
from his line those items for which there 
is little demand, which can Ik* easily pro¬ 
duced by others, or w hich essentially du¬ 
plicate other items in the line. In this 
way, production facilities, materials, and 
man power are conserved for the manu¬ 
facture of more urgently needed items. 

We have listed from time to time in 
the Experimenter* instruments that are 
discontinued for the duration of the war. 
To those previously listed the following 
items have now been added: 

Type 419-A Wavemeter 
Type 714-A Amplifier 
Type 672-A Power Supply 
Type 673-A Power Supply 


USING A POLARIZING 
CAPACITANCE 

• FOR MEASUREMENTS of the 

capacitance and the power factor of 
electrolytic condensers with the Type 
740-B Capacitance Test Bridge, it is 
usually desirable to apply a d-c polar¬ 
izing voltage to the condenser under 


INSTRUMENTS 

Type 755-A Condenser 
Type 588-AM Meter 

Except for frequencies between 150 
Me and 300 Me, the Type 119-A Wave- 
meter can lie replaced by the new Type 
566-A described in this issue of the 
Experimenter. For frequencies above 
150 Me, the Type 758-A Wavemeter 
can be used. 

The amplifier and the two power sup¬ 
plies can, for most uses, be duplicated 
easily in the laboratory or by other man¬ 
ufacturers. 

The Type 588-AM Meter, formerly 
carried in our catalog for use with Type 
493 Thermocouple, is no longer needed 
since this thermocouple was discon¬ 
tinued some time ago.f 

*Expcri rrumlrr. Sr pi.. 1941, Feb., 1912. 
t Experimenter, Dec.. 1941. 


VOLTAGE WITH THE 
TEST BRIDGE 

test, in order to simulate operating con¬ 
ditions. 

Formerly, terminals for applying the 
polarizing voltage with this bridge were 
available on social order only, at an 
extra charge. Because of the growing de- 


FlGURK 1. Schematic circuit diagram of the Type 740-B Capacitance Test Bridge. 


BRIDGE VISUAL 
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Figure 2. Panel view of the Type 740-B Capacitance Teat Bridge. The polarizing voltage 
terminals arc at the top of the panel. 


inand for this feature, it is now included 
in the stock model of the bridge, at no 
increase in price. 

Figure 1 is a schematic circuit dia¬ 
gram, and Figure 2 shows the position 
of the terminals on the panel. 

The polarizing voltage is applied in 
series with the 60-cycle bridge supply. 
The condenser shown across the polar¬ 
izing battery is usually necessary to 


avoid a reduction in bridge supply volt¬ 
age resulting from the impedance of the 
battery in series with the supply. A 
rectifier-filter combination with a liigh- 
capacitance condenser in the filter out¬ 
put will obviate the need for the con¬ 
denser as will also a storage battery, 
which usually has a high equivalent ca¬ 
pacitance. The condenser should always 
be used with dry batteries. 
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